INTRODUCTION
Inflammatory bowel diseases (IBD), including CD and UC are chronic, debilitating, and expensive conditions. 1 There are many aspects of IBD care that make it apt for quality improvement (QI), including the significant variation in how care is delivered, 2-4 the prevalence of potentially preventable disease-and medication-associated complications 5, 6 and a significant direct and indirect individual and societal cost burden of illness. 1 IBD care is expensive and complex− patients commonly require multidisciplinary care, biologic medications, inpatient care, and surgeries. 7 Several QI initiatives have been developed to address these issues, although in different ways. Some initiatives are aimed at defining quality of care in IBD, such as the American Gastroenterology Association (AGA) IBD performance measures, 8 the Crohn' s & www.irjournal.org appropriate to specific populations and healthcare environments.
QUALITY INDICATORS
Quality indicators, or quality measures, are used to objectively assess the quality of care by determining whether certain evidenced-based, expert-recommended, or patientcentric aspects of care are being followed. Quality indicators are intended to be "specific, measurable elements of care for which there is evidence of consensus that can be used to assess the quality care provided and hence change it," and offer the potential to "define basic, minimally acceptable care and help distinguish good quality from bad." [10] [11] [12] These measures have typically followed the Donabedian 13 model, and applied to the structure, process, or outcomes of care. Structure measures pertain to the overall availability of healthcare resources like staffing, access to specialists, and medication availability. Process measures pertain to the steps (or "processes") that lead to a particular outcome measure such as timely diagnosis, early treatment, appropriateness of medication use, and health care maintenance such as vaccination and cancer screening. Outcome measures are high-level clinical outcomes which matter most to patients and are the most important yet most difficult to measure. Outcome measures might include mortality, days hospitalized, number of emergency room visits, and proportion of patients in remission. In addition to these 3 categories of quality measures, "balance" measures are commonly used to ensure that improvement in one area is not degrading performance in another area. For example, if hospital length of stay is an outcome measure, the balance measure could be patient satisfaction to ensure patients do not feel rushed out of the hospital, or readmission rates to ensure patients are not discharged before medically ready. Patient satisfaction measures represent an entirely different aspect of quality measurement focused on the patient, which have become increasingly important and relevant to hospital payments in the United States.
Several organizations have developed quality measures for IBD (Table 1) . 9, [14] [15] [16] The AGA has developed process measures for IBD which have been used by the federal health insurance program in the United States, Medicare, to provide financial incentives (or avoid financial penalties) for gastroenterologists when caring for patients with IBD. 17 However, these measures are limited in scope and primarily used for accountability and reporting for financial incentives, rather than for QI purposes. In Asia, there is varied delivery and awareness of some of the AGA measures as determined in a recent multinational physician survey; reasons cited for this variation included cost, time involved in performing the recommended intervention, and variable perception of the importance or relevance of a particular measure to the clinical status of the patient.
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In 2013, the CCFA, a non-profit U.S.-based patient advocacy organization, published 10 process measures and 10 outcome measures (Table 2) . 9 These measures were developed with input from various IBD stakeholders, including gastroenterologists, nurses, and patients through an iterative process using a modified Delphi panel and 3 in-person meetings. Unlike the AGA measures, the CCFA measures are not used for physician accountability or financial incentives. They have been incorporated into the IBD-Qorus learning health system (see below) and other QI initiatives to help standardize the quality of care for IBD. Standardization of the measurement of processes of outcomes is desired in order to enable comparisons across sites and to assess for improvement over time. The ICHOM is an organization focused on defining and reporting standardized outcome measure sets across all diseases. This non-profit organization has brought together multiple stakeholders including physicians, outcomes re- (Table 3) and focuses on the entire care cycle from diagnosis to remission or death. 15 In addition to the efforts described above, other international societies have developed quality measures for IBD intended for regional use including gastroenterology societies in Spain and Canada. Calvet et al.
14 developed metrics for IBD centers of excellence in Spain; a common theme 16 In addition, a recent effort for the Canadian "Choosing Wisely" campaign to reduce unnecessary or harmful practices has identified 5 aspects of care that should be avoided in patients with IBD; unlike other process measures that recommend appropriate practices, 19 these measures represent processes of poor quality of care.
LEARNING HEALTH SYSTEMS
A learning health system is where "science, informatics, incentives, and culture are aligned for continuous improvement and innovation, with best practices seamlessly embedded in the delivery process and new knowledge captured as an integral by-product of the delivery experience." Two successful learning health systems, ImproveCareNow and IBD Qorus, were developed to care for patients with IBD.
ImproveCareNow is a network which allows the sharing of clinical data, patient-reported outcomes, and best practices between patients and providers to improve pediatric IBD care. More than 900 pediatric gastroenterologists and 27,000 patients at 95 care centers in the United States, United Kingdom, and Qatar participate in this learning health system. ImproveCareNow is centered around reducing variation in pediatric IBD care and measuring processes to improve clinical outcomes. 20, 21 To achieve this, it relies on collaboration between multiple care centers to implement change. Physicians submit data on outpatient visits, audit their performance data, and analyze this information during QI meetings. Over the course of several years, ImproveCareNow has demonstrated a steady and significant improvement in the proportion of children who are in clinical remission, have normal growth, and are avoiding steroids. 21 IBD Qorus is a learning health system that was developed by the CCFA. 22 It was designed to enable rapid data-sharing between physicians and patients to define, measure and improve the quality of care for adult IBD patients. Similar to ImproveCareNow, care teams are taught QI methodology and are encouraged to develop, learn and share best practices from each other. In addition to the platform designed to enhance the sharing of information between the doctor and the patient, standardized care pathways have been incorporated into patient management. These are care algorithms for specific aspects of care that sites may elect to incorporate into their improvement efforts; currently available care pathways include screening and interventions around malnutrition and anemia. 23, 24 A novel aspect of IBD Qorus is that quality metrics are principally reported by patients directly into the electronic platform, rather than providers, which empowers patients to be more involved in their care and reduces the data entry and regulatory burden on providers and their staff.
CONCLUSIONS
There has been significant progress in the development of quality indicators for IBD over the past decade, with the availability of dozens of individual structure, process, and outcome measures that have been thoughtfully developed with multi-stakeholder input across multiple organizations. The challenges and opportunities that lie ahead for institutions and practices now relate to the integration of these quality measures into clinical care, and the implementation of QI programs that can show changes in patient outcomes. Measurement of quality using quality indicators is just the first step toward true QI. Future studies should demonstrate whether and how the measurement of quality can lead to reduction in the variation in care delivery, decreased costs, and improved patient outcomes.
